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Twenty-seven patients who had pairs of stainless steel 
wire electrodes placed on the right and the left ventricle 
during cardiac surgery underwent both epicardial and 
endocardial programmed ventricular stimulation to assess 
the inducibility of ventricular tachycardia. Twenty-six of 
the patients had coronary artery disease and were studied 
to evaluate map-guided surgery for treatment of ventricu- 
lar arrhythmias. Burst ventricular pacing and up to three 
ventricular extrastimuli coupled to two drive train cycle 
lengths were delivered from the right and left ventricular 
epicardial wire electrodes and from endocardial catheter 
electrodes placed at the apex and outflow tract of the right 
ventricle. 
Ventricular tachycardia was reproducibly induced in 
three patients by both endocardial and epicardial stimula- 
tion. In one patient ventricular tachycardia was reproduc- 
ibly induced by epicardial stimulation, but nonreproduc- 
ible, nonsustained ventricular tachycardia was induced by 
endocardial stimulation. Ventricular tachycardia remained 
inducible by both endocardial and epicardial stimulation in 
The use of Teflon-coated stainless steel temporary wire 
electrodes placed on the atria1 and ventricular epicardium at 
the time of cardiac surgery for the postoperative diagnosis 
and treatment of cardiac arrhythmias has been well de- 
scribed (l-3). Our laboratory (4) previously reported the 
results of programmed electrical stimulation using ventricu- 
lar epicardial wire electrodes to assess the result of surgical 
therapy of ventricular arrhythmias in a patient series studied 
between August 1978 and October 1982. It was concluded (4) 
that ventricular tachycardia can be induced with this method 
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three instances (two patients) during drug therapy. A 
negative study (<lo consecutive ventricular beats induced) 
was obtained in 23 patients by both endocardial and 
epicardial stimulation. 
The patients were followed up for 12 to 43 months 
(average 31). Sudden death or documented ventricular 
tachycardia occurred in two of the three patients with a 
positive study by both endocardial and epicardial stimula- 
tion. Nineteen (83%) of the 23 patients with concordantly 
negative studies remained free of arrhythmias. 
On the basis of concordant results of endocardial and 
epicardial stimulation (p = 0.001) these results suggest that 
epicardial stimulation of the right and the left ventricle is an 
acceptable method to assess the postoperative inducibility 
of ventricular tachycardia. Because it eliminates the need 
for cardiac catheterization, it is probably the preferred 
method for postoperative ventricular tachycardia induction 
studies. 
(J Am Co11 Cardiol1989;13:1608-12) 
of ventricular pacing. Although the results of epicardial 
programmed stimulation were highly predictive of arrhyth- 
mia-related patient outcome during a follow-up period of r6 
months, little information exists comparing the results of 
epicardial ventricular programmed stimulation with those of 
the more conventional endocardial stimulation protocols (5- 
9) for induction of ventricular tachycardia. If epicardial 
stimulation gave concordant results with endocardial stimu- 
lation, cardiac catheterization could be avoided in patients 
with recent cardiac surgery in whom temporary epicardial 
wire electrodes were placed. 
This study compares endocardial and epicardial program- 
med ventricular stimulation in 27 postoperative patients who 
had stainless steel temporary wire electrodes placed on the 
ventricular epicardium at the time cardiac surgery was 
performed for therapy of ventricular arrhythmias in 26 of the 
27 cases. 
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Methods 
Study group. The study group included 26 patients with 
coronary artery disease who underwent map-directed ar- 
rhythmia surgery between February 1983 and November 
1984 for treatment of refractory ventricular arrhythmias and 
1 patient who underwent surgical correction of a double 
outlet left ventricle during the same time period. Pairs of 
Teflon-coated 0 Flexon stainless steel wire electrodes 
(Davis and Geck) were placed on the right atrium, right 
ventricle and left ventricle during surgery. and all patients 
had electrophysiologic studies performed 1 to 2 weeks 
postoperatively to assess the effectiveness of surgical ther- 
apy of ventricular tachycardia and to evaluate suspected 
ventricular tachycardia in the patient with congenital heart 
disease. 
Electrophysiologic study. All patients gave written in- 
formed consent and were studied in the postabsorptive state 
after either no sedation or mild sedation with triazolam. At 
the time of the first postoperative study, 20 patients were not 
receiving any cardioactive medications, 1 patient had amio- 
darone discontinued (1 month duration of therapy) at the 
time of surgery and 6 patients were receiving digoxin. 
Programmed stimulation was performed with the right ven- 
tricular epicardial wires (25 patients), left ventricular epicar- 
dial wires (26 patients) and percutaneously placed quadrap- 
olar electrode catheters that were advanced from the right 
femoral vein to the right ventricular apex (27 patients) and 
then repositioned in the right ventricular outflow tract (23 
patients). Discomfort due to a high pacing threshold pre- 
cluded the use of the right ventricular epicardial wires in one 
patient. 
Surface electrocardiographic (ECG) leads I. II. III and V, 
were simultaneously recorded with bipolar electrograms 
from the right atrial. right ventricular and left ventricular 
epicardial wire electrodes and from the intracardiac elec- 
trodes with use of an Electronics for Medicine DR-12 or 
VR-16 switched beam oscilloscope recorder onto photo- 
graphic paper and magnetic tape with a Honeywell 5600C 
tape recorder. A constant current programmable stimulator 
(Medtronic model 1349A) delivered rectangular impulses of 
2 ms duration at twice diastolic threshold. 
Olrr standard stimulation protocol, which has been de- 
scribed previously in detail (4), consists of three ventricular 
extrastimuli coupled to two basic drive cycle lengths (500, 
400 or 462 ms) and ventricular burst pacing. This protocol 
was followed for all studies at each pacing site irrespective of 
the results at other pacing sites. 
A study MUS considered positive if 210 heats of mono- 
morphic ventricular tachycrrrdiu kjere reproducibly induced. 
Ventricular tachycardia was defined as non-sustained if the 
duration was 210 beats but ~30 s. Ventricular tachycardia 
persisting for ~30 s or associated with hemodynamic col- 
lapse was considered sustained. The reproducible induction 
of sustained ventricular tachycardia was attempted by con- 
tinuing the stimulation protocol to completion. Sustained 
ventricular tachycardia was terminated by ventricular pacing 
if well tolerated or by direct current cardioversion if accom- 
panied by hemodynamic instability. Ventricular fibrillation 
and ventricular flutter were defibrillated immediately. The 
induction of only polymorphic ventricular tachycardia or 
nonreproducible ventricular tachycardia was considered a 
negative study. Serial studies were performed in patients 
with inducible ventricular tachycardia to assess antiarrhyth- 
mic drug efficacy. 
Statistical analysis. Sensitivity was defined as the propor- 
tion of patients with ventricular tachycardia induced by 
endocardial stimulation who had ventricular tachycardia 
induced by epicardial stimulation. Specificity was defined as 
the proportion of patients without ventricular tachycardia 
induced by endocardial stimulation who did not have ven- 
tricular tachycardia induced by epicardial stimulation. Sta- 
tistical analysis was performed with use of the Fisher exact 
test and a two by two table. 
Results 
Initial postoperative electrophysiologic study. Twenty-one 
of the 27 patients studied had a negative initial study (< IO 
repetitive ventricular beats induced) by both endocardial 
(right ventricular apex, right ventricular outflow tract) and 
epicardial (right and left ventricular) stimulation. Three 
patients had a positive response by both right ventricular 
endocardial and left or right ventricular epicardial stimula- 
tion. The configuration of ventricular tachycardia induced by 
epicardial stimulation was identical to that induced by en- 
docardial stimulation (Fig. 1). Although one patient had a 
positive initial result from both the right ventricular outflow 
tract endocardium and the left ventricular epicardium, the 
endocardial ventricular tachycardia was nonreproducible, 
and this study was considered discordant. One patient had 
ventricular flutter induced with aggressive stimulation of the 
left ventricular epicardium (S, at 190 ms), and an attempt at 
reproduction (S, at 180 ms) induced 126 s of spontaneously 
terminating polymorphic ventricular tachycardia. One pa- 
tient had nonreproducible, nonsustained (16 beats) ventric- 
ular tachycardia induced from the right ventricular epicar- 
dium only (Fig. 2). 
Antiarrhythmic drug testing. The four patients with a 
positive study underwent serial drug testing for a total of five 
further studies. Consistent concordance of right ventricular 
endocardial and either right or left ventricular epicardial 
stimulation was observed during drug testing. The patient 
whose tachycardia was reproducibly inducible only from the 
left ventricular epicardium underwent drug therapy, and the 
repeat study on drug therapy was negative with use of 
epicardial stimulation alone. 
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Figure 1. A, Ventricular tachycardia 
induced by programmed ventricular 
stimulation (S,S,S,S,) from the right 
ventricular apex endocardium. I, II, 
III, and V, are surface electrocardio- 
graphic leads recorded simultaneously 
with bipolar electrograms from the 
right atrial epicardial wire electrodes 
(RA), the right and left ventricular epi- 
cardial wire electrodes (RVepi, LVepi) 
and the proximal and distal electrode 
pairs of a quadripolar catheter placed 
at the right ventricular apex (RVAp, 
RVAd). The tachycardia has a left bun- 
dle branch block configuration with a 
left superior axis and a rate of 176 
beatsimin (cycle length 340 ms). B, 
Ventricular tachycardia induced in the 
same patient with programmed stimu- 
lation from the left ventricular epicar- 
dium (LVepi). The recording sites are 
the same. The tachycardia also has the 
same left bundle branch block, and left 
superior axis configuration. The rate is 
171 beatslmin (cycle length 350 ms). 
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Statistical analysis. The induction of ventricular tachy- 
cardia by right ventricular endocardial stimulation is consid- 
ered to be the “reference standard,” the sensitivity of 
epicardial stimulation was 100% and the specificity was 96% 
(Fig. 3). Concordance was demonstrated in 23 negative 
studies, three positive studies and four studies during serial 
drug testing (30 [97%] of 31 studies). 
Follow-up information. The mean follow-up period was 
31 months (range 12 to 43). Information was available on all 
27 patients. Table 1 summarizes the clinical course of 
patients with arrhythmia recurrences, defined as docu- 
mented sustained ventricular tachycardia or sudden death. 
Of the three patients with a positive study by both endocar- 
dial and epicardial stimulation, two (Patients 1 and 20) had 
VT INDUCTION-INITIAL STUDY 
4 PTS-REPAOOUCIBLE 21 PTS<lO BEATS 1 PT.NONREPROOUCIBLE 1 PT.NONREPROOUCISlE 
MONOMORPHIC VT POLYMORPHIC VT NONSUSTAINEO 
Cl0 REPETITIVE BEATS MONOMORPHIC VT 
I 
RVA 
a 
RV epi 
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Figure 2. Results of initial postoperative 
ventricular stimulation with sites of ven- 
tricular tachycardia (VT) induction indi- 
cated. PTS = patients; RVA = right 
ventricular apex endocardium; RVOT = 
right ventricular outflow tract endocar- 
dium; other abbreviations as in Figure 1. 
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Figure 3. Comparing epicardial (EPI) stimulation for induction of 
ventricular tachycardia to endocardial (ENDO) stimulation resulted 
in a sensitivity of 100% and a specificity of 96%. 
arrhythmia recurrences. An antiarrhythmic drug that was 
both tolerable and predicted by serial drug testing to be 
effective had not been found for either patient. The third 
patient with a concordantly positive study died from noncar- 
disc causes but had no arrhythmia recurrence during 4 year 
follow-up on quinidine therapy, which had suppressed ven- 
tricular tachycardia induction by both epicardial and en- 
docardial stimulation. The patient with inducible sustained 
ventricular tachycardia by epicardial stimulation but nonre- 
producible, nonsustained ventricular tachycardia by en- 
docardial stimulation had a negative epicardial study on 
quinidine and has had no arrhythmia recurrence in 34 
months. Patient 4, who had polymorphic ventricular tachy- 
cardia and ventricular flutter induced only by epicardial 
stimulation, died suddenly 1 month after discharge. Patients 
19 and 25, who had concordantly negative studies, died 
suddenly within 7 months after discharge; and Patient 24, 
with 16 beats of nonreproducible monomorphic ventricular 
tachycardia induced only from the epicardium, developed 
spontaneous, sustained ventricular tachycardia 6 months 
after discharge. 
Discussion 
Concordance of epicardial and endocardial programmed 
stimulation. This study shows that epicardial programmed 
stimulation of the right and left ventricles is comparable with 
Table 1. Clinical Features of Six Patients With Arrhythmia 
Recurrences During the Follow-Un Period 
Patient 
No. Event Epi Endo 
Time to 
Event 
Cm01 
Drug 
Therauv 
I Sustained VT 4~ 
4 Sudden death 
19 Sudden death -. 
20 Sudden death t 
24 Sustained VT - 
2s Sudden death - 
31 None 
I None 
2 None 
13 Quinidine 
6 None 
I None 
Endo. Epi = results of postoperative endocardial and epicardial pro- Conclusions. The results of postoperative programmed 
grammed ventricular stimulation, respectively: VT = ventricular tachycardia. stimulation with use of right and left ventricular epicardial 
programmed stimulation at two right ventricular endocardial 
sites, with 97% concordance. These findings extend those of 
Borggrefe et al. (lo), who found a 77% concordance rate in 
36 patients who were studied after ventricular tachycardia 
surgery with use of only right ventricular epicardial wires 
and endocardial stimulation at sites not specified. The inclu- 
sion of left ventricular epicardial stimulation in our protocol 
appears to be responsible for the improved concordance 
between right ventricular endocardial stimulation and biven- 
tricular epicardial stimulation. 
Importance of left ventricular programmed stimulation. 
Morady et al. (11) found that in 24% of patients with 
documented sustained clinical ventricular tachycardia not 
inducible from the right ventricular apex, the tachycardia 
was inducible from the left ventricle. However, their proto- 
col used a single right ventricular site (apex) and a single 
basic drive rate (500 ms). Other studies (12,13), in which 
more than one right ventricular site is stimulated and which 
employ double extrastimuli, report that 11% to 12% of 
patients require left ventricular stimulation to induce ven- 
tricular tachycardia. The use of more ventricular sites, triple 
extrastimuli and two or more drive cycle lengths may 
eliminate the need for left ventricular stimulation, although 
the risk of nonspecific and nonclinical responses is increased 
( 141. Although the use of left ventricular endocardial stimu- 
lation may have increased the number of positive studies 
observed, the arrhythmia recurrence rate in our 23 patients 
with concordantly negative studies during follow-up (av- 
erage 3 1 months) was low (17%) compared with 100% for the 
patients with a concordantly positive study for whom no 
effective tolerable antiarrhythmic drug was found. PagC et al. 
(4) reported no arrhythmia events during follow-up (average 
19.5 months) of 19 patients with a negative epicardial study 
as compared with a 47% arrhythmia recurrence rate ob- 
served in patients with a positive epicardial study, again 
suggesting that a negative epicardial study predicts clinical 
success. 
Study limitations. The main limitation of this study is the 
small number of positive studies available for comparison (4 
of 27). Another more controversial issue is the definition of 
a positive study. If we had designated the patients with 
epicardial induction of nonsustained nonreproducible ven- 
tricular tachycardia (16 beats) and ventricular flutter as 
having a positive result, their arrhythmia recurrences would 
have been correctly predicted (Patients 4 and 24, Table 1). 
Although this observation is interesting, its significance is 
unknown because of the small number of patients with 
questionable study end points. The number of patients 
undergoing serial drug testing is also too small to make 
conclusions concerning drug evaluation by epicardial stim- 
ulation: however. concordance of the two methods was 
consistently observed. 
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temporary wire electrodes are concordant with the results of 
right ventricular endocardial stimulation and are a valid way 
to assess the induction of ventricular tachycardia in postop- 
erative patients. The convenience and safety of the epicar- 
dial method of ventricular stimulation have made it our 
preferred method of assessing the induction of ventricular 
tachycardia in postoperative patients. 
We gratefully acknowledge the expert technical assistance of Judson Brown 
and the secretarial skills of Brenda Stone and Angi Misso in preparing the 
manuscript. 
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